Objectives. To evaluate whether immunization data collected on a child's entry into kindergarten, i.e., Chicago Public School Immunization Data (PSID), was comparable to coverage levels determined by the National Immunization Survey (NIS) and to use these data to identify community areas with consistently low immunization coverage.
Childhood immunization levels are among the indicators used to assess the health of the nation. One of the Healthy People 2010 objectives is to achieve and maintain effective vaccination coverage levels (i.e., 90%) for universally recommended childhood vaccines. 1 The National Immunization Survey (NIS) provides annual estimates of immunization coverage among children 19-35 months of age for each of the 50 states and 28 selected urban areas. 2, 3 The NIS is used by many state and local health departments to guide the implementation of interventions and to measure the success of these interventions. According to the 2001 NIS, only 79% of children 19-35 months of age received their basic immunization series of four doses of diphtheria and tetanus toxoids and pertussis vaccine, three doses of poliovirus vaccine, and one dose of measlescontaining vaccine (4:3:1). The immunization levels in Chicago were below the national average; only 72% of children 19-35 months completed their 4:3:1 series. The 2001 NIS estimated 4:3:1 coverage for non-Hispanic black children in Chicago to be 64%, for Hispanic children to be 73% , and for non-Hispanic white children to be 82%. 4 A recent study using Chicago Public School data determined age-appropriate (7 months, 13 months, 19 months, 24 months, 36 months, 48 months, and school entry) immunization coverage levels to be low. 5 This study also demonstrated a marked racial disparity, with black children Ͻ48 months of age having the lowest coverage levels. The NIS provides coverage levels for a variety of subgroups at the national, state, and local levels. However, neither the NIS nor the previous study using Chicago Public School data provided information on how rates vary among distinct neighborhoods and communities in Chicago.
Chicago has a population of around 2.9 million people; African Americans constitute approximately 35% of the population, non-Hispanic whites 31%, and Hispanics 28%. 6 The city of Chicago spans 229 square miles along the southwestern shore of Lake Michigan and is geographically defined by 77 community areas. In 1938, a research committee at the University of Chicago divided the city into 75 community areas based upon social, cultural, and geographic factors. Since 1960, two additional community areas have been added. Demographic and health information on these 77 community areas is summarized regularly and is used by many community-based organizations, planners, hospitals, and universities. Currently, many of these community areas are racially, ethnically, and socioeconomically segregated. Improving immunization coverage in impoverished urban communities has been identified as a public health priority. 7 Identifying the community areas that have low immunization coverage levels is a critical first step in improving and sustaining adequate vaccination coverage levels. 8, 9 It is also an important tool for evaluating the success of interventions that are provided to these communities.
Methods that have been used to estimate community immunization coverage include cluster surveys, school-based surveys, and provider office chart reviews. [10] [11] [12] [13] These methodologies have been used to determine immunization coverage levels in some Chicago community areas at risk for low immunization coverage levels. [14] [15] [16] Although estimates provided by cluster and school-based surveys can provide close approximations of immunization coverage, there are limitations to these surveys. The resources required for these surveys prohibit them from being conducted frequently or in numerous communities simultaneously. 17, 18 In addition, aggregation of provider chart review data in specific communities results in biased community estimates of immunization coverage because these estimates are calculated only from those children who seek medical care. Further, there are no geographic boundaries to provision of medical care.
We used immunization records collected at kindergarten entry and stored in the Chicago Public Schools health database to determine coverage levels for one dose of measles-containing vaccine (MCV) and four doses of diphtheria and tetanus toxoids and pertussis vaccine, three doses of poliovirus vaccine, and one dose of measles-containing vaccine (4:3:1 series) for children at 35 months of age. We calculated coverage levels for the 77 community areas in Chicago and mapped these levels using GIS software. 21 We validated immunization coverage levels determined using school immunization records to estimates determined by other methods, including NIS data, cluster surveys, and manual school record review.
METHODS

Public School Immunization Data (PSID)
In March 2003, a data sharing agreement was approved between the Chicago Department of Public Health and Chicago Public Schools. The Chicago Public Schools data included immunization records, demographic information, and home address for all kindergarteners enrolled during 2000, 2001, 2002, and 2003 . The majority (ϳ90%) of immunization records in the PSID originate from school physical forms authorized by a signature from either a physician or nurse. We requested the following variables: date of birth (month/year), home address, dates of immunizations required for school entry (month/year), race (self-reported as black, white, Hispanic, Asian, or Native American), gender, and school. To prevent personal identification of children but allow for grouping of children by community area of residence, home street addresses were recoded. The last two digits of evennumbered street addresses were recoded to '00' and the last two digits of odd-numbered street addresses were recoded to '01' (i.e., 2154 changed to 2100 and 1513 changed to 1501).
To determine whether the children in the 2000 PSID database were representative of the 5-year-old population of Chicago, 2000 U.S. Census data for Chicago was compared to the PSID cohort whose birthdates fell between September 1, 1994, and August 30, 1995.
Coverage rate determination
Statistics were calculated using SAS version 8.02. 19 The population of kindergarteners was characterized by racial/ethnic group, gender, age, and the proportion of children living in each community area. CASA version 2.6 was used to calculate 4:3:1 and MCV coverage levels at 35 months of age for the total population of kindergarteners as well as for each racial/ethnic group by year and for all years combined. 20 To allow the data to be imported properly into CASA, PSID was formatted by converting four-digit birthdates and immunization dates to eight-digit dates using the 15th as the day for birthdates and immunization dates. Estimates of MCV and 4:3:1 coverage were based on the total number of doses administered on or before 35 months of age. The timeliness of vaccinations at younger ages was not evaluated in this study. To test for significant differences in immunization coverage by race/ethnicity, the Mantel-Haenszel chi-square statistic was used. To assign community areas to each address, we used the City of Chicago's Intelligent Dispatcher System, an interface operated by the Chicago Department of Business and Information Services that allows for the rapid identification of geographical areas such as ward, census tract, and community area based on street address. To illustrate the communities with consistently low immunization coverage levels, we used ArcMap version 9.0 to create a map depicting average MCV coverage levels for four years. 21
Validation of PSID Coverage Levels
Due to the de-identification of immunization records, individual record validation was not possible. We compared our estimates from PSID to estimates determined using three separate methods. First, measlescontaining vaccine (MCV) and 4:3:1 coverage levels for children aged 35 months in year 2000, estimated using 2003 PSID, were compared to 2000 National Immunization Survey estimates for Chicago. The geographic boundaries for both the NIS and PSID include Chicago city limits. NIS excludes cellular telephone exchanges from their sampling frame, sampling only land-line telephone numbers with a Chicago area code. 22 Children must have a Chicago residential address to be enrolled in a Chicago Public School. Second, the MCV coverage rate for children aged 35 months in a Chicago community in 2000, estimated using PSID, was compared to the coverage rate determined from a cluster survey conducted in the same community in 2000. 14 Third , during 2003, we reviewed a random sample of immunization records from 500 kindergarteners in six randomly selected Chicago Public Schools and compared these estimates to coverage levels determined from PSID. The randomly selected immunization records were manually entered into CASA; MCV and 4:3:1 coverage levels for each school were then compared to the school-specific coverage levels determined from the 2003 PSID.
RESULTS
Chicago Public Schools Population
The total number of kindergartener records that were available was 34,487 in 2000, 32 6 The majority of Hispanic (82%) or non-Hispanic black (74%) 5-year-olds were represented in the PSID. However, non-Hispanic whites represented less than half (46%) of the non-Hispanic white 5-year-old population. The proportion of 5-yearolds included in PSID per community area ranged from 23%-100%. Of the 77 community areas, 56 (73%) had Ն60% of their 5-year-olds included in PSID.
Immunization coverage levels
According to PSID, MCV and 4:3:1 coverage levels for the Chicago Public Schools kindergartner population at 35 months of age in Chicago were low (Table 1) . Despite low coverage levels, MCV and 4:3:1 coverage levels increased from 1997-2000 (Table 1 ). When the four years of PSID were aggregated and coverage levels were determined by racial/ethnic group, black children residing in Chicago had significantly lower MCV coverage levels than white children (77.5% vs. 88.1%; pϽ0.001) or Hispanic children (77.5% vs. 86.9%; pϽ0.001). Black children also had significantly lower 4:3:1 coverage levels than white children (58.9% vs. 75.3%; pϽ0.001) or Hispanic children (58.9% vs. 75.2%; pϽ0.001).
Community estimates for MCV coverage were determined for the 77 community areas in Chicago from 1997-2000. The average number of records per community area used to calculate coverage rates was 1,614 records. Average coverage levels varied by community area (see Figure) . Of the 77 community areas, eight community areas had an average MCV coverage level of Ն90%, 42 had an average MCV coverage level between 80%-90%, and 27 had an average MCV coverage level Ͻ80%. Twelve community areas were identified as having consistently low MCV coverage (Ͻ80%) for all four years (Figure) . The racial/ethnic distribution of children (nϭ31,245) in these communities was 97% black, 2% Hispanic, and Ͻ1% white; whereas the racial distribution of children (nϭ92,917) in the remaining 65 communities was 57% Hispanic, 30% black, and 12% white. The mean percentage of the 5-yearold population represented per community area was 68%, with a range of 56%-90% in the 12 communities Table 2 ). PSID coverage levels by racial/ethnic group were similar to NIS estimates ( Table 2 ). In addition, all PSID coverage levels fell within the confidence intervals of the NIS estimates. Comparison of MCV and 4:3:1 coverage levels determined from PSID and manual immunization record review in six schools revealed similar coverage levels ( 
DISCUSSION
We used PSID to identify racial/ethnic groups, community areas, and schools in need of resources to address low immunization coverage levels. Importing these immunization records into CDC's CASA software allowed us to determine citywide, community area, and school coverage levels quickly and efficiently. The PSID estimates for the entire city and for each racial/ethnic group were similar to those obtained from the NIS and those obtained by medical record review. These findings suggest that immunization coverage levels determined by PSID can provide accurate esti-mates of immunization coverage. In addition, PSID coverage levels among Chicago's preschool population confirmed previous surveys that determined low citywide immunization coverage levels, particularly among black children. 4, 14 Racial and ethnic disparities identified by PSID were also consistent with the disparities identified in a recent study examining NIS data from 1996-2001. 23 Of the twelve community areas identified as having consistently low coverage, all had large black populations (Ն50%). Directing resources to these 12 communities would likely improve citywide coverage levels and decrease racial disparities in immunization coverage. Our study did not evaluate the age-appropriate administration of vaccines before 35 months of age. Dominguez et al. determined ageappropriate immunization coverage levels using Chicago Public School data. 5 They found that less than one-third of the children had received all of the recommended immunizations both at 7 and 19 months of age. In addition, black children received vaccines at a later mean age than any other racial/ethnic group. As suggested by Dominguez et al., interventions that communicate the importance of being up-to-date during the infant and toddler years are needed in black communities. Our study identified 12 communities for which this intervention is critically needed.
In the past, the Chicago Department of Public Health used community-level demographic characteristics and socioeconomic markers to identify community areas that were suspected to have low immunization coverage; household cluster surveys are too expensive and labor-intensive to use routinely for determining community-level immunization coverage levels. 18 Recently, Rosenthal and colleagues suggested using school immunization records as a practical method of determining immunization coverage levels among population subgroups or for small geographic areas. 18 The results of this study demonstrate that school immunization data can be used as an inexpensive, accurate, and efficient method for determining immunization coverage levels for population subgroups or small geographic areas.
If measles were introduced into any of the 12 community areas that had low MCV coverage levels (Ͻ80%) there would be a high risk for epidemic transmission. [24] [25] [26] Although measles no longer circulates in the United States, importation of measles can and does occur. 27 Results from this study will be used to guide resource allocation to these community areas at high risk for vaccine preventable diseases, and PSID can be used to monitor the success of interventions in these community areas.
As of April 2004, all 50 states in the United States, the District of Columbia, and Puerto Rico had immunization requirements for children in elementary and high school. According to the Illinois Child Health Examination Code, 28 Chicago elementary and high school students who are not in compliance with the immunization requirements can be excluded from school. Every year on October 15, Chicago Public School students who are not in compliance with immunization requirements are excluded from school. To identify those children not in compliance with the immunization requirements, Chicago Public School nurses enter immunization records into a standard- Health to determine immunization coverage levels by community area of residence. Since many school systems maintain health databases that include immunization records, it is possible that other state and local health departments may be able to use similar methods to determine immunization coverage levels for subpopulations or small geographic areas in their jurisdictions. Immunization registries are confidential, populationbased, computerized information systems that collect immunization data about all children within a geographic area. 28 Fully populated registries can consolidate immunization records of children from multiple health care providers, identify children who are due or overdue for immunizations, generate reminder and recall notices to ensure that children are immunized appropriately, and identify provider sites and geographic areas with low immunization coverage. As of 2002, 43 states in the United States and the District of Columbia reported operating registries that targeted their entire catchment areas. Illinois has an immunization registry that targets the entire state, including Chicago. However, in 2002, the percentage of children Ͼ6 years of age with Ն2 immunizations included in the Illinois immunization registry was from 34% to 66%. 29 When a higher percentage of young children's immunization records are included in the Illinois immunization registry, the registry will be able to determine immunization coverage levels for the state and small geographic areas in Illinois. Until that time, the methods used in this study can be used to track immunization coverage levels in Chicago community areas and to assess completeness of immunization registry information.
Limitations
PSID estimates for 4:3:1 coverage may be higher than NIS estimates of 4:3:1 coverage ( Table 2 ) because PSID coverage levels were calculated when students were 35 months of age, while NIS estimates were calculated based on the age of the child at the time of the household interview. The median age of NIS participants was 27 months.
Our estimates of immunization coverage may underestimate actual coverage. This study determined coverage levels at a specific age threshold (35 months) and did not evaluate age-appropriate immunization at younger ages. Coverage levels determined in this way have been shown to underestimate the degree of underimmunization in a population. 5, [30] [31] [32] PSID includes only immunization records of children in the public school system. Nearly 30% of fiveyear-olds in Chicago were not represented in PSID. Most of these children attend private schools (parochial and other private). Since children in the public school system are likely to have lower socioeconomic status than the general population and low socioeconomic status is associated with poor immunization coverage, our estimates of community immunization coverage may underestimate actual coverage. However, these data and methods are readily available and can be used to accurately identify areas with chronically low immunization coverage levels.
Another limitation of this study is that we used PSID to determine immunization coverage levels for kindergarteners when they were 35 months old. These coverage levels reflect community coverage 2-3 years prior to the year of kindergarten entry. As a result, current immunization coverage levels cannot be determined using this data. Due to this lag in coverage estimates, PSID estimates will be most useful in assessing the impact of interventions that are implemented over several years. Another possible limitation of this study is that the social, cultural, and geographic characteristics of the 77 community areas in Chicago may have changed since 1938, affecting the differences in the communities. However, since many communitybased organizations and resources continue to be based on the community area structure, we chose to determine immunization coverage levels using the community area structure.
Recommendations
Using CASA to analyze PSID was an accurate and efficient method for determining immunization coverage levels for the 77 community areas in Chicago. We plan to direct resources to the 12 community areas that consistently had low immunization levels and we will use PSID to evaluate the effectiveness of our interventions. We will continue to monitor immunization coverage levels in Chicago's 77 community areas, pending more complete participation in the Illinois immunization registry. Other state or city health departments without access to a fully populated immunization registry should consider using CASA to analyze school immunization data to identify sub-populations of poorly immunized children or communities with low immunization coverage levels.
